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Drivers and variability of Chl fluorescence

emission spectra from the leaf to canopy

Satellite
-course in space/time

-limited wavelengths

Frankenberg & Berry, 2017

GOSAT

755-773 nm

Frankenberg et al., 2011; Joiner et al., 2011; Guanter et al., 2012

GOME-2

590-790 nm

Joiner et al., 2013; Guanter et al., 2014; Koehler et al., 2015

SCHIAMACHY

604-805 nm

Joiner et al., 2012; Koehler et al., 2015

OCO-2

757-775 nm

Frankenberg et al., 2014; Sun et al., 2017 2
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590-790 nm

SCHIAMACHY

604-805 nm
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• Spectral resolution (.025-.5 nm)

• Pixel size (1.3x2.25 km – 40x80 km)

• Signal:Noise (300<3000)

Frankenberg & Berry, 2017

13:00

3



Drivers and variability of Chl fluorescence

emission spectra from the leaf to canopy

Buschmann, 2007 Wavelength
Franck et al., 

2002

PSI assumed constant

PSII dynamic:

changes in energy    

partitioning (NPQ, PQ, F)

Chlorophyll

re-absorption

impacts SIF

red/far-red ratio 

?

Disentangling

overlapping

features?
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Drivers and variability of Chl fluorescence

emission spectra from the leaf to canopy

We lack a complete understanding of 

the drivers and variability of SIF spectra:

1) At physiological temperatures

2) Under different stress conditions

3) Across species

4) At diurnal and seasonal scales

Can we exploit the additive information content of 

SIF spectra at scales relevant to remote sensing?
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Drivers and variability of Chl fluorescence

emission spectra from the leaf to canopy

Satellite
-course in space/time

-limited wavelengths

Tower
-high temporal resolution

-limited spatial extent

-high spectral sampling

Leaf
-full spectra (no noise)

-mechanistic

Leaf

Tower

Aircraft
-high spatial resolution

-limited temporal
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Connecting active and passive fluorescence 

with photosynthesis 

Leaf
-full spectra (no noise)

-mechanistic

Magney et al., 2017, New Phytologist

Gas-exchange

Active and spectral 

fluorescence
Light, temp.,

RH% curves

PAM QE 

Pro
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Controls on the shape of the SIF spectrum at the leaf scale

Three experiments

Link passive and active fluorescence

Steady-state Light intensity Rapid induction

▪ 25 species
▪ Tropics -> Boreal

▪ >200 individuals

▪ 600 PAR; 50% RH; 25oC

▪ 6 species (5 replicates)
▪ Light response curves

▪ 25-1200 PAR; 50% RH; 25oC

▪ Kautsky effect (n = 48)
▪ Dark -> light transition

▪ Dark->600 PAR

▪ 0.2 s sampling rate

Singular Value Decomposition (SVD) on Spectra

Ft,λ = σ𝑖=1
𝑛 𝑢𝑖 ∗ 𝑠𝑖 ∗ 𝑣𝑖

𝑇

SIF spectra   = 
sample 

weights

spectral 

weights
singular 

values* *

Variance in spectral shape

Non- and photochemical quenching (NPQ, PQ)

Pigments, absorbed PAR (aPAR)
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Controls on the shape of the SIF spectrum at the leaf scale Steady-state
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*

Magney et al., in review



Controls on the shape of the SIF spectrum at the leaf scale Light-intensity
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Controls on the shape of the SIF spectrum at the leaf scale Rapid induction

t1

t2

Increase at 720 nm = rapidly reversible energy dependent quenching

Lambrev et al., 2010

Decrease at 686 nm = ΔPSII (>99%) SIF

Decrease at 740 nm = ΔPSI (30%) + ΔPSII (70%) SIF 
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Magney et al., in review



Controls on the shape of the SIF spectrum at the leaf scale Rapid induction
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Steady-state

Light-intensity

PC2 from light-intensity experiment

PC3 from steady-state experiment

Spectral change due to quenching (NPQ/PQ) dynamics,

i.e., fractional contribution of PSI/PSII SIF.

PC2 from rapid induction experiment



Disentangling changes in SIF spectral shape at canopy scales

Porcar Castell et al., 2014, JExB

Leaf cross section

Leaf scale considerations
Leaf morphology, species, pigments, biochemistry, eco-

physiology, PSI/PSII

Canopy scale considerations 
Canopy architecture, Viewing/ Illumination geometries,

Photon scattering/ re-absorption, Sun/ shade fraction
13

1) Mean shape 2) Chl. content 3) NPQ/PQ



High resolution red and far-red canopy SIF: PhotoSpec Tower
-high temporal resolution

-limited spatial extent

-high spectral sampling
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Niwot Ridge, CO: PhotoSpec (1 of 5)
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Niwot Ridge, CO: Seasonal canopy average
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Retrieval windows

*Not much variation in Chlorophyll Bowling et al., in review

Ratio indicating ΔPSI/PSII? 

Or purely BRDF/Illumination?



Niwot Ridge, CO: Diurnal canopy average
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High NPQ

Low NPQ

Low NPQ

High NPQ

Magney et al., in review

5:00          7:00          9:00         11:00        13:00        15:00         17:00       19:00        21:00              

5:00          7:00          9:00         11:00        13:00        15:00         17:00       19:00        21:00   

Time of Day                  
*preliminary NEE data from Sean Burns



Disentangling changes in SIF spectral shape All experiments

Driven by pigments, 

maybe longer term PSI/PSII?

Driven by photochemistry (NPQ/PQ)

Compensation

Point at 720?
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Conclusions

19

1) The mean spectral shape of SIF

explains a lot.

2) Across species and seasons,

pigments dominate the shape

3) At diurnal timescales, the shape

is mostly modified by PQ/NPQ

dynamics

-difficult to interpret at seasonal time-step

Canopy scale considerations 
Canopy architecture, Viewing/ Illumination geometries,

Photon scattering/ re-absorption, Sun/ shade fraction

?

4) Knowing the magnitude, drivers, and location of these

spectral shifts will aid in canopy scale SIF interpretation.



Thank you.

Open questions:

Contact: Troy.S.Magney@jpl.nasa.gov
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Extra slides below
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PhotoSpec characteristics
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PhotoSpec characteristics



Niwot Ridge, CO PhotoSpec: Seasonal canopy average
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Ratio indicating ΔPSI/PSII? 
Or purely BRDF?

Middleton et al., 2017



Niwot Ridge, CO PhotoSpec: Diurnal cycle



PhotoSpec – tower based SIF retrievals

1) Alpine/Evergreen (Colorado)
2) Tropical Rainforest (Costa Rica)
3) Corn (Iowa)
4) Soy (Iowa)



PhotoSpec – tower based SIF retrievals

1) Alpine/Evergreen (Colorado)
2) Tropical Rainforest (Costa Rica)
3) Corn (Iowa)
4) Soy (Iowa)
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PhotoSpec characteristics
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PhotoSpec characteristics
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Walz GFS-3000 Modification



Controls on the shape of the SIF spectrum at the leaf scale Rapid Induction

t1

t2

Separation of PSI and PSII spectra

Three assumptions: 

1) the contribution of PSI SIF at 685 nm is negligible 

2) PSI fluorescence is not dynamic 

3) Chl content is constant. 

Step 1:

-Offset of F686 vs. F740 represents PSI 

-Palombi et al. 2011

Step 2: 

SVD analysis assuming: 

-PSI and PSII are a linear combination of the first two sample weight vectors 

PSI = x1*u1 + x1*u2

PSII = x2*u2 + x2*u2
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Controls on the shape of the SIF spectrum at the leaf scale Rapid Induction
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Controls on the shape of the SIF spectrum at the leaf scale Steady-state
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Sample weights vs. ancillary data
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No species specific clustering = no species specific signal?
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Steady-state experiment design
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Rapid induction (Kautksy) experiment design
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PC2 from Kautsky corresponds with both NPQ and PQ
…but NPQ saturates



Red and Far-red SIF vs. photosynthesis

Low Water

Medium Water

High Water

Low Water

Medium Water

High Water

Low Water

Medium Water

High Water

Magney et al., in prep.
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Controls on the shape of the SIF spectrum at the leaf scale All experiments
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